ABSTRACT There are many methods present in literature for finding attractive points for different mappings in various spaces. In this article, we aim to give an approximation method for the common attractive points (CAP) of further generalized hybrid mappings (FGHM) in CAT(0) spaces. We give the CAP of FGHM by using Picard-Mann iterative process generalized to the case of two mappings in framework of CAT (0) spaces. The results presented in this article, extend some known results of literature.
I. INTRODUCTION
The notion of attractive points was presented by Takahashi and Takeuchi in [2] to dispose of the speculation of convexity and closedness as utilized in Baillon's nonlinear ergodic theorem in the setting of Hilbert spaces (H) [3] . They proved the existence of attractive points in H without using convexity. Suppose C is a nonempty subset of H . The set of attractive points and fixed points for T : C → H are defined as follow:
• A(T ) = {u ∈ H : u − Tv ≤ u − v , ∀v ∈ H }; • F(T ) = {u ∈ H : Tu = u}. Recall that, a mapping T : C → C is nonexpanisive if u − Tv ≤ u − v for all u, v ∈ C. Now we define hybrid mapping. In 2010, Kocourek et al. [4] present another class of nonlinear mapping called generalized hybrid mappings (GHM) which is bigger class than the class of nonexpansive mapping. In 2012, Takahashi et al. [5] found more extensive class of nonlinear mapping called normally generalized hybrid
The associate editor coordinating the review of this article and approving it for publication was Ho Ching Iu. mapping (NGHM) which contain the class of generalized hybrid (GH) and the class of contractive mappings. The definition of NGHM is given below:
Definition 2: Let C ⊂ H , then T : C → H is normally generalized hybrid mapping (NGHM) if there exist α, β, γ , δ ∈ R such that • α + β + γ + δ ≥ 0; • α + β > 0 or α + γ > 0 and
''Widely more generalized hybrid mappings (WMGHM)'' is a class of mapping in Hilbert spaces, due to Kawasaki and Takahashi [6] and has been studied in [7] .
Definition 3: Let C ⊂ H , which is closed and convex, then T : C → C is called FGHM if for any α, β, γ , δ, ε ∈ R, we have
It has been proved that the class of WMGHM contains the class of NGHM. Later, Khan [1] introduced the concept of further generalized mappings and CTP. He approximate CTP of FGHM by utilizing Picard-Mann iterative process for two mappings in H without closeness condition on C.
For more detail in the direction of attractive points we refer [4] , [6] - [13] .
Researcher are always interested in developing approximation method for fixed points and attractive points, for example: Pakkaranang et al. [18] presented Proximal point algorithms involving fixed point iteration for nonexpansive mappings in CAT(0) spaces. Strong convergence of modified viscosity implicit approximation methods for asymptotically nonexpansive mappings in complete CAT(0) spaces has been proved in [19] . Proximal point algorithms for solving convex minimization problem and common fixed points problem of asymptotically quasi-nonexpansive mappings in CAT(0) spaces has been discussed in [20] . In [21] , Kumam et al. gave convergence analysis of modified Picard-S hybrid iterative algorithms for total asymptotically nonexpansive mappings in CAT(0) spaces. In this article, we approximate CAP of FGHM by using Picard-Mann iterative process for two mappings in framework of CAT(0) spaces. The results presented in this paper are extension of many existing results.
II. PRELIMINARIES
Consider a metric space (M , d) and 
3 ) in a geodesic metric is combination of three points x 1 , x 2 , and x 3 in M and a geodesic segment between each pair of vertices. For (x 1 , x 2 , x 3 ) in a geodesic space M satisfying
• for non positive k, M is a geodesic metric space, with the property that its geodesic triangles fulfill the CAT(k) inequality;
• for positive k, M is D k -geodesic and any geodesic tri-
which is known as the (CN) inequality given by Bruhat and Tits [14] . Remark 2: The (CN) inequality was extended by Dhompongsa and Panyanak [15] , as;
which is known as (CN * )inequality and α ∈ (0, 1). For a geodesic space M , the following statements are equivalent:
• M is a CAT(0) space;
• M satisfy the (CN) inequality;
• M satisfy the (CN * ) inequality. (0) [16] ).
Example 1: Example of CAT(0) spaces The following are examples of CAT
Berg et al. [17] proposed the idea of quasilinearization as follow: Each pair (u, v) ∈ M × M , denoted by − → uv and call it a vector. Then, quasilinearization is a map
It can be observed easily that − → uv,
The CAT(0) is the geodesically connected metric space which satisfy Cauchy-Schwarz inequality.
From now to onward in this paper, consider H be a complete CAT(0) space, C be a non-empty closed convex subset VOLUME 7, 2019 of a complete CAT(0) space M and T : C → C be a mapping. The metric projection P C : M → C is defined as
The idea of CAP for two mapping T 1 and T 2 is defined as:
Lemma 2: A(T ) is a closed and convex subset of M . Lemma 3: For a quasi-nonexpensive mapping T , we have A(T ) ∩ C = F(T ).
Recall that for every C ⊂ H , there exists a metric projection P C : H → C. That is, for each point x ∈ H , there is a unique element
Lemma 4: Let P C : C → H be a metric projection. Let
then {P C x n } converges strongly to some y 0 ∈ Y Mann iterative process for two mappings as in CAT (0) is as follows:
and Picard-Mann iterative hybrid process for two mappings as in CAT(0) is as follows:
III. MAIN RESULTS
In this section, we present our main results.
Proof: Suppose w ∈ CAP(T 1 , T 2 ), then w ∈ A(T 1 ) and w ∈ A(T 2 ). Thus by definition there exists a unique element
Lemma 6: Let T 1 , T 2 : C → C be two mappings. Then CAP(T 1 , T 2 ) is a closed and convex subset of X .
Lemma 7: Let T 1 , T 2 : C → X be two quasi-nonexpensive mapping. Then
Theorem 1: Let T 1 , T 2 : C → C be any two FGHM which satisfy α + β + γ ≥ 0 and ε ≥ 0 and either α + β > 0 or α +γ > 0. Then CAP(T 1 , T 2 ) = ∅ iff there exists w ∈ C such that both {T n 1 w, n = 0, 1, . . . .} and {T n 2 w, n = 0, 1, . . . .} are bounded.
Proof:
That is, both {T n 1 w, n = 0, 1, . . . .} and {T n 2 w, n = 0, 1, . . . .} are bounded.
On the other hand, suppose that for all w ∈ C such that, both {T n 1 w, n = 0, 1, . . . .} and {T n 2 w, n = 0, 1, . . . .} are bounded. Suppose that
From long computation one can find that there exists p ∈ H such that d 2 (T 2 x, p) ≤ d 2 (x, p). This mean that p ∈ A(T 2 ). However, by our supposition on maximum, we get
, we can get the result by interchanging the role of T 1 and T 2 .
Theorem 2: Let T 1 , T 2 : C → X be two FGHM defined as
where {α n } is a sequence in (0, 1) with α n (1 − α n ) > 0 then, {x n } converges weakly to a point q ∈ CAP(T 1 , T 2 ).
Px n , where, P is a projection of H onto CAP(T 1 , T 2 )
Proof: Consider w ∈ CAP(T 1 , T 2 ). Then, by using (8)
Therefore, we can have
Thus lim n→∞ d 2 (x n , w) exists and so {x n } must be bounded. Since H is complete CAT(0) space, so
This implies that
Now, by using lim inf α n (1 − α n ) > 0 and the above proved reality that lim
The boundedness of the sequence {x n } has also been proved in above lines, so we have subsequences {x n j } with
Since T 2 : C → C is a FGM, therefore for every y ∈ C, we have
Making use of Bananch limits µ, we get
This yield that If we take C closed in Theorem 2, then we get the following Theorem:
Theorem 3: Let T 1 , T 2 are two FGHM defined as (2.10) which satisfy α + β + γ + δ ≥ 0, ε ≥ 0 and either α + β > 0
where {α 1 n } is a sequence in (0, 1) with α 1 n (1 − α 1 n ) > 0 then, {x n } converges weakly to a point P C q ∈ F(T 1 )∩F(T 2 ), where, q ∈ H and P C : X → C is metric projection. Now, we give a numerical example to support our results.
Example 2: Let X = R be a usual metric space with the metric d, which is also an Hadamard space, and C = (−1, 1) . We see that C is a convex subset of X . Define a mapping T : C → C by
and for all x ∈ C. It is easy to see that both T 1 and T 2 are further generalized hybrid mapping with a = 2,
5n+7 for all n ∈ N.
IV. CONCLUSION
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